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doi:10.1016/j.ejvs.2008.12.018Abstract After intravenous thrombolysis (IVT) for acute ischaemic stroke (AIS), a severe
cervical internal carotid artery (ICA) stenosis may remain and increase the risk of recurrent
stroke. Carotid endarterectomy (CEA) has been shown to be effective in reducing the risk of
stroke. However, it is not well known whether CEA can be performed safely after thrombolysis,
and, if so, when. We report a prospective study of CEA for residual high-grade cervical ICA
stenosis performed within 15 days after IVT for AIS.
Methods: All the patients had a brain magnetic resonance imaging (MRI) within 3 h of the
stroke onset. One day after IVT in neurovascular unit, computed tomography (CT) angiography
was performed to assess the brain and the patency of cervical arteries. CEA was performed on
neurologically stable patients after full cerebral artery re-canalisation. Blood pressure was
controlled with particular caution before and after CEA.
Results: Between January 2005 and January 2008, we operated consecutively on 12 patients.
Their median National Institutes of Health Stroke Scale (NIHSS) score was 12 (range: 5e21).
Combined intracranial (ICA)emiddle cerebral artery (MCA) occlusion was present in 58.3% of
the patients. The median time between onset of symptoms until CEA was 8 days (range: 1e16
days). Stroke and death rate at 30 days was 8.3% (one nonfatal haemorrhagic stroke). At 90 days,
nine patients had a Rankin score of 0e1, one had a score of 2 and two had a score of 3.
Conclusion: In patients with residual cervical ICA stenosis after IVT, we achieved full patency of
the occluded artery and good functional prognosis at 3 months in all cases. We advocate for an
extremely close monitoring of the blood pressure in the pre-, peri- and post-operative course
and a close collaboration between neurologist and surgeon to determine the best timing for CEA.
ª 2009 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.i. Service de Chirurgie Vasculaire, Hoˆpital La Timone, 264 rue St Pierre, 13385 Marseille Cedex 05,
-hm.fr
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Early Carotid Endarterectomy 513Intravenous thrombolytic therapy (IVT) for acute ischaemic
1
the following criteria were met: (1) full re-canalisation of
stroke (AIS) is now a standardised treatment. Its use is
associated with improved outcomes for a broad spectrum
of patients who can be treated within 3 h of stroke onset.
In 10e30% of the cases with cerebral ischaemia, a stenosis
of the cervical internal carotid artery (ICA) is found.2,3
Stroke caused by extra-cranial large artery atherosclerosis
appears to have the greatest risk of worsening and recur-
rence in the early period after hospitalisation.4 Performing
carotid endarterectomy (CEA) rapidly after IVT may
prevent an early ICA occlusion, new emboli and allow
immediate improvement of cerebral blood flow. However,
it is not well known whether CEA can be performed safely
after IVT and what could be the best timing for CEA. This
study aimed to evaluate the results of CEA within 15 days
after IVT for AIS secondary to severe stenosis in carefully
selected patients.Table 1 SUNV score
Level of consciousness
0Z Alert
1Z Not alert, arousable by noise
2Z Not alert, requires painful stimulation to make
movement
3Z Not alert
Breathing
0Z regular, respiratory frequency >10
1Z snoring, respiratory frequency >10
2Z irregular, respiratory frequency <10
3Z pause, apnoea
LOC commands. The patient is asked to grip the non-paretic
hand
0Z Normal
1Z Abnormal: only able to move the hand, does not grip
2Z No reaction
LOC questions. Chat with the patient
0Z Normal
1Z Abnormal: words slurred or unintelligible
2Z No answer
Pupil
0Z normal diameters, symmetric, reactive
1Z Assymmetric, reactive
2Z Assymetric, non-reactive on the mydriasis side
3Z Non-reactive, mydriasis both sides
Motor arm. The limb is placed in the appropriate position:
extend the arms 45 if supine. Drift is scored if the arm
falls before 10 s.
0Z No drift
1Z Drift: limb holds 45, but drifts 5 cm down before full
10 s; does not hit the bed
2Z Drift down to bed
3Z No movement
Motor leg. The limb is placed in the appropriate position:
hold the leg at 30 (always tested supine). Drift is scored
if the leg falls before 5 s.
0Z No drif
1Z Drift: leg falls 5 cm at least but does not hit the bed.
2Z Drifts down to bed
3Z No movementMethods
From November 2004, a prospective study was conducted
by the stroke unit in collaboration with the vascular surgery
department at the Timone hospital to evaluate the imme-
diate and three-month results of CEA performed after IVT
for AIS.
At the time of admission, all the patients were routinely
explored in emergency using magnetic resonance imaging
(MRI) within 3 h of stroke onset. Diffusion/perfusion MRI
sequences, flair sequence, T2* sequence and time-of-flight
intracranial MR angiography were performed to acutely
explore the brain parenchyma and permeability of intra-
cranial vessels. Cervical vessels MR angiography were not
performed before IVT since it is time consuming and the
permeability of the cervical vessels has no incidence on
IVT indication. IVT with recombinant tissue plasminogen
activator (tPA) was performed following the published
indications and contraindications in the stroke unit.5 Brain
computed tomography (CT) scan and cervical CT angiog-
raphy were performed 24 h after IVT to document any
haemorrhagic transformation and to assess the brain and
the patency of cervical arteries and cervical ICA stenosis
after IVT. In the absence of brain haemorrhagic trans-
formation or a large infarct, patients were treated with
unfractioned heparin 24 h after IVT until CEA. The neuro-
logical status of patients was evaluated by a stroke
neurologist using the National Institutes of Health Stroke
Scale (NIHSS) score and the ‘Score de l’Unite´ Neuro-Vas-
culaire’ (SUNV), a simplified NIHSS score used in the stroke
unit (Table 1) at the time of admission in the stroke unit.
Thereafter, the patients were evaluated regularly with
SUNV score until CEA. None of the patients underwent
conventional angiography of the supra-aortic trunk.
Cardiac monitoring and trans-oesophageal echocardiog-
raphy were systematically performed to discard cardio-
embolic aetiology. All the patients were placed strictly in
the supine position immediately upon admission and during
the preoperative period to maintain brain perfusion.
Carotid stenosis was considered for CEA when the blockage
exceeded 50% according to the North American Symptom-
atic Carotid Endarterectomy Trial (NASCET) measurement
technique.6 CEA was carried out within 15 days only if allcerebral arteries initially occluded, (2) absence of any
haemorrhagic transformation or brain oedema, (3) patient
with a stable neurological status and (4) an ischaemic
infarct inferior to one-third of the middle cerebral artery
(MCA) territory imaged on CT scan. Exclusion criteria
included persistent severe neurological deficit, previous
radical neck dissection or cervical irradiation and expec-
tation of poor surgical risk. Before CEA, all the patients
received clear and adapted information. All CEAs were
performed under general anaesthesia on patients treated
with antiplatelet therapy. The operative technique and
shunt were performed at the surgeon’s discretion. A
completion angiogram was always performed. In the
Table 2 Demographics/clinical characteristics
Mean age, y (range) 60 (49e79)
Male/female 11/1
Smoking 10
Dyslipidaemia 8
Hypertension 6
Diabetes mellitus 2
Coronary artery disease 2
COPD 1
COPD, chronic obstructive pulmonary disease.
514 M.A. Bartoli et al.postoperative period, a particular caution was made to
prevent high blood pressure (BP). After CEA, rehabilitation
was performed with gradual patient verticalisation to
prevent any haemodynamic disturbances in the brain, the
patients were treated with low-molecular-weight heparin
for prevention of venous thrombo-embolism until they
were fully ambulatory. At 3 months, all the patients were
evaluated by a stroke neurologist using the modified Ran-
kin score (mRS), and CEA patency was assessed by duplex
scan.
Statistical analysis was performed with GraphPad
InStat, version 3.00, for Windows 95 (GraphPad Software,
San Diego, CA, USA). To assess the correlation between
NIHSS and SUNV scores at the time of admission, we per-
formed a linear regression analysis. The Pearson coeffi-
cient was computed to measure the strength of the
relation. Evaluation of the neurological improvement, as
assessed with the SUNV score, among the patients between
admission and CEA was performed with Wilcoxon signed-
rank test. NIHSS comparison was performed with unpaired
t-test.
Results
Between January 2005 and January 2008, 195 IVTs were
performed at the Timone Hospital stroke unit. After IVT,
one patient with a severe cervical ICA stenosis did not
undergo CEA because he presented with a large infarct size,
but 12 consecutive patients met our strict criteria of
operability and underwent CEA for a carotid stenosis with
blockage in excess of 50% as assessed by NASCET
measurement.6 Most of the patients included in the study
initially had a severe deficit: median NIHSS score was 12
(range: 5e21), and the corresponding median SUNV score
was 4.5 (range: 0e10). A comparison between NIHSS and
SUNV scores at the time of admission (Fig. 1) showed
a correlation of 0.87 (P< 0.0001). Cardiovascular risk
factors and co-morbidities were as usual (Table 2). The
median time interval between stroke onset and hospital-
isation was 132 min (range: 75e180).Figure 1 Comparison between SUNV score and NIH scale
score.Initial MR angiography of intracranial vessels diagnosed
an anterior cerebral artery (ACA) occlusion, eight intra-
cranial ICA occlusions and nine MCA occlusions (eight M1
and one M2). Combined intracranial ICAeMCA occlusion was
present in seven patients (58.3%). The median time interval
between stroke onset and CEA was 8 days (range: 1e16
days). The neurological status determined using the SUNV
score significantly improved between admission and CEA
(admission SUNVZ 4.5, preoperative SUNVZ 0,
PZ 0.001). CEA was achieved by nine eversions and three
open endarterectomies with patch. A shunt was used in
four cases. In all cases, the intra-operative completion
angiogram showed good anatomical results of the CEA
without any defect. No blood transfusions were required
during or after CEA and we did not encounter any haema-
toma requiring surgical revision in the postoperative
course. The initial NIHSS score of the patients operated
within the first week after stroke onset was significantly
lower compared to those operated within the second week
(first week NIHSSZ 7 versus second week NIHSSZ 15,
PZ 0.03).
A female patient who had IVT for an initial combined
intracranial ICAeMCA occlusion had a tight cervical ICA
stenosis with a floating thrombus and was operated upon
33 h after stroke onset. She presented 24 h after the CEA
with a symptomatic haemorrhagic transformation triggered
by a sudden rise in systolic BP to 180 mmHg which occurred
despite close BP monitoring. This accident determined an
8.3% risk of stroke and death rate at 30 days. Seven patients
were discharged home after CEA; the remaining five
patients were transferred to a neurological rehabilitation
centre. At 90 days, nine patients had an mRS score of 0e1,
one had a score of 2 and two had a score of 3. No restenoses
were documented on the duplex scan follow-up conducted
at 3 months. The most important data are reported in
Tables 3 and 4.
Discussion
Most of our patients had an initial intracranial ICA and/or
MCA occlusion known to have a bad spontaneous prognosis,
excluding them from CEA before the era of IVT for stroke.7,8
However, the efficiency of IVT has completely changed the
evolution of stroke in these patients, making them eligible
for CEA even up to 15 days after onset of the occlusion.
With the increasing number of stroke units where IVT is
being performed, we hypothesise that vascular surgeons
will have to manage this new type of patient presenting
Table 3 Patients, timing, type of surgery and degree of ICA stenosis on both sides
Patients Age Sex Delay Sympt e
Admission (h)
Delay Sympt e
Surgery (days)
Degree of
ICA stenosis
Degree of contralateral
ICA stenosis
Type of surgery
1 53 M 3:00 15 50 30 Eversion
2 79 M 2:44 4 60 0 Eversion
3 57 M 2:53 8 90 40 Eversion
4 58 M 1:46 12 90 20 Eversion
5 60 M 2:58 16 80 70 Eversion
6 52 M 1:23 1 99 10 Patchþ Shunt
7 68 M 2:46 14 95 50 Eversionþ Shunt
8 68 M 1:27 3 95 Occluded Patchþ Shunt
9 54 M 1:20 2 99 0 Patchþ Shunt
10 49 F 2:34 1 99 0 Eversion
11 59 F 01:15 12 95 30 Eversion
12 63 M 2:25 8 95 50 Eversion
ICA: internal carotid artery; Sympt: symptoms.
Early Carotid Endarterectomy 515with symptomatic carotid stenosis. This short series
demonstrates that carotid CEA within 15 days after AIS
treated with IVT, with strict selection criteria and close BP
monitoring, is feasible with encouraging results in terms of
30-day rate of stroke and death and functional prognosis at
3 months.
In this monocentric study, during the inclusion period,
6% of all AISs treated with IVT were relevant for CEA, in
accordance with our strict selection criteria. However, in
the general population of stroke patients, 10e30% of
carotid-territory transient ischaemic attacks (TIAs) and
ischaemic strokes are associated with an ipsilateral carotid
stenosis equal to or in excess of 50% blockage.2,3 This
difference was probably related to the numerous exclusion
criteria for IVT, making the population of thrombolysed
patients uncomparable to the whole of the stroke pop-
ulation.1 Moreover, the use of our selection criteria for
CEA excluded only one patient because of a large, final
infarct size. Thus, 92% of the patients successfully
thrombolysed for AIS related to severe carotid stenosis
underwent CEA.Table 4 Patients, initial intracranial artery occlusion, presenta
Patients Intra-cranial
artery occlusion
NIHSS
admission
1 M1 19
2 M1 8
3 M2 16
4 M1þ Ic-ICA 12
5 ACA 6
6 M1þ Ic-ICA 14
7 M1þ Ic-ICA 15
8 Ic-ICA 5
9 M1þ Ic-ICA 7
10a M1D Ic-ICA 7
11 M1þ Ic-ICA 21
12 M1þ Ic-ICA 12
M1: middle cerebral artery M1 segment; M2: middle cerebral artery
anterior cerebral artery; mRS: modified Rankin score.
a Patient who suffered postoperative stroke.It is now clearly established that the shorter the interval
between the neurological event and CEA, higher the
benefit, with uncertainty as to whether any benefit remains
for CEA performed beyond 12 weeks.9 After a neurological
event secondary to carotid stenosis, the risk of recurrent
stroke can be as high as 21%.10e14 It has been also demon-
strated recently that the presence of an ipsilateral severe
carotid artery disease independently predicts early re-
occlusion in patients treated with IVT.15 Moreover, in our
experience, nine patients had carotid stenosis with
blockage in excess of 90%, and two of these stenoses were
associated with a floating thrombus; no string signs were
documented in this series. Although the natural history of
residual carotid artery stenosis after IVT remains largely
unknown, it is probably different compared to the symp-
tomatic carotid stenosis of the patients included in NACSET
or exercise cardiac stress test (ECST), but they might also
require early CEA.6,16
In a pooled analysis of NASCET and ECST, patients who
underwent CEA had a 7.0% stroke and death rate at 30
days.17 The stroke and death rate in our series was 8.3%.tions and modified Rankin score at 3 months
SUNV
admission
SUNV
Preoperative
mRS at
three months
10 1 3
3 0 1
5 0 1
4 0 1
1 0 1
6 0 2
6 0 1
1 0 1
0 0 0
2 0 3
6 0 1
6 0 1
M2 segment; Ic-ICA: intracranial internal carotid artery; ACA:
Figure 2 Preoperative oblique, sagittal, multiplanar recon-
struction CT angiography after intravenous thrombolysis shows
a tight stenosiswitha threateningfloating thrombus (Patient#10).
516 M.A. Bartoli et al.Two recent large trials, Endarterectomy versus Angioplasty
in patients with Symptomatic Severe Carotid Stenosis (EVA-
3S) and Stent-supported Percutaneous Angioplasty of the
Carotid Artery versus Endarterectomy (SPACE), report
a stroke and death rates of 3.9% and 6.5%, respectively,
after CEA for symptomatic ICA stenosis.18,19 In all these
trials, the rate of hemispheric stroke as a qualifying event
was around 50%; thus, populations reported in these trial
and our post-IVT patients are quite different in terms of
preoperative brain injury. Taking into consideration all
these data, we consider that, even with the relatively high
stroke and death rate reported in our study, our manage-
ment provided a substantial benefit to the patient.
The main concern against such early surgery in patients
who had recent IVT is the risk of postoperative intracere-
bral bleeding.20 First reports on early CEA after AIS showed
a high rate of cerebral haemorrhage; however, those
complications were mostly due to inadequate patient
selection and inaccurate brain imaging.21e24 In 2002, Mac-
Pherson and colleagues reported a series of five CEAs after
IVT; they did not observe any haemorrhagic stroke
following CEA, all performed within 48 h after IVT or
combined intravenous/intra-arterial thrombolysis.25 More
recently, Alksic et al. reported a series of 50 early CEAs for
symptomatic ICA stenosis, including five patients treated
with IVT; unfortunately, they did not detail the outcomes
for those five specific patients, and, on the global series,
they reported 6% of neurological worsening without any
death. In our series, the unique cerebral haemorrhage
occurred in a 49-year-old woman who had an initial intra-
cranial occlusion of the ICA and MCA related to a tight
cervical ICA stenosis. After IVT, she presented a full clinical
recovery, and a CT angiography revealed a tight stenosis
associated with a floating thrombus (Fig. 2); facing this
threatening carotid lesion, we decided to operate on her
33 h after stroke onset. Twenty-four hours after CEA, she
suffered a haemorrhagic stroke after developing acute high
BP. One can consider that a sudden systolic BP increase
(180 mmHg) might considerably raise this risk after CEA is
performed for a high-grade cervical carotid stenosis. Based
on the 195 IVTs performed during the study period, we
observed that complete post-IVT re-canalisation of
combined intracranial ICAeMCA occlusion significantly
increases the risk of haemorrhagic transformation
compared to patients admitted with an isolated MCA
occlusion (unpublished data). Interestingly, in Mac-
pherson’s series, none of the patient had a combined
intracranial ICAeMCA occlusion. For patients with a full
post-IVT re-canalisation of initial, combined intracranial
ICAeMCA occlusion, the risk of postoperative hyper-
perfusion syndrome is possibly higher in case of severe
underlying carotid stenosis. Thus, a close postoperative BP
monitoring with aggressive treatment of hypertension in
the postoperative course is particularly mandated in those
patients.26 To optimise the clinical management of this
subset of high-risk patients with combined intracranial
ICAeMCA occlusion, we routinely perform brain imaging in
the postoperative course to eliminate brain oedema or
asymptomatic haemorrhage.
The present study has certain limitations; it is a retro-
spective analysis of a prospective, collaborative data set.
Because of the small number of the patients in our series,further studies are necessary to confirm the acceptable
stroke and death rate reported. The natural history of
symptomatic carotid stenosis after thrombolysis remains
largely unknown; therefore, ultimate management might
be difficult to determine. Due to our imaging protocol, we
were not able to document an initial extra-cranial ICA
occlusion. Before CEA, two patients (patients #10 and #12)
had a residual floating thrombus originating from the
cervical stenosis. So far, some intracranial ICA occlusions
might have been associated initially with the occlusion of
the ICA in its extra-cranial portion and partially re-canal-
ised after IVT. This imaging protocol was elaborated
considering: firstly, that cervical arterial patency does not
interfere with IVT decision making and, secondly, because
vascular imaging should not delay IVT.1 However, 24 h after
IVT, we routinely perform cervical CT angiography to adjust
antithrombotic therapy which is forbidden within the first
24 h after IVT.
Retrospectively, we were able to demonstrate that
patients who undergo CEA within the second week after
stroke onset had a significantly higher NIHSS score at
admittance compared to patients operated less than 7 days
Early Carotid Endarterectomy 517after stroke onset (PZ 0.03). A high NIHSS score is one of
the most important predictor of poor outcome after IVT.27
Indeed, in our experience, patients with a high initial NIHSS
score took more time to meet all our clinical and radio-
logical inclusion criteria for CEA. Additionally, in the near
future, better availability with increasing experience in
functional brain imaging may add new parameters to
determine the optimal timing of CEA.
Conclusion
Patients with residual carotid stenosis discovered after IVT
for AIS represent a new subset of patients eligible for early
carotid CEA. At admission, these patients had severe
intracranial vessel(s) occlusion including the MCA and/or
the ICA and would not have been proposed for CEA. IVT
providing a significant neurological status improvement and
a full intracranial vessel re-canalisation with a small-to-
moderate infarct volume allow these patients to safely
undergo CEA within 15 days. This management may
decrease the risk of recurrent stroke by new emboli or re-
occlusion, and improve cerebral blood flow. We advocate
for an extreme close monitoring of the BP in the pre-, peri-
and post-operative course and a close collaboration
between stroke neurologists and the surgeon to determine
the best timing for CEA. However, a larger series of patients
is required to confirm the safety and efficacy of this
management.
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